Abstract. Rework is one of the solutions to some of the main issues in reverse logistic and green supply chain as it reduces production cost and environmental problem. Many researchers focus on developing rework model, but to the knowledge of the author, none of them has developed a model for time-varying demand rate. In this paper, we extend previous works and develop multiple batch production system for time-varying demand rate with rework. In this model, the rework is done within the same production cycle.
The Optimal Manufacturing Batch Size with Rework under Time-Varying Demand Process for a Finite Time Horizon

INTRODUCTION
One of the major problems in manufacturing is the production of defective products. These defected products will have to either undergo repair or rework process to become finished products. Rework is important in order to avoid big loss to the company. It also gives a good image of a company as it will reduce waste and help to save the environment. Until today, there are many world class manufacturers which practice rework.
Many inventory models have been developed by considering these problems in manufacturing. The earliest research on rework was perhaps conducted by [1] . They considered recycling from the last stage to the first stage, however they did not consider the cost of penalty for producing defective products at different stages. [2] presented an inventory model, which dealt with the optimum batch quantity in a single-stage system in which rework is done by addressing two different operational policies. Technical note by [3] was made to do corrections of the examples in [2] . [4] extended their research from a single-stage to a multi-stage production system with rework. The other researches related to rework were addressed by [5] , [6] , [7] , [8] , [9] , [10] , [11] , [12] , [13] , [14] , [15] , [16] and [17] .
Assumptions and Notations
The following assumptions were made to develop the model :
The demand rate is time-varying and we consider it as increasing linearly. Proportion of defective products is constant in each cycle. The production rate of non-defective products is constant and is greater than the demand rate. Scrap is not produced at any cycle. No defectives are produced during the rework. Inspection cost is ignored. All demands must be satisfied. Production and rework are done using the same resources at the same speed. The following notations are used. Let i=1, 2, ..., n be the number of batches.
=Proportion of defectives in each cycle. C p =Processing cost in immediate rework process, $/unit. f(t)=Demand rate, units per planning period, units/year. C h =Inventory carrying cost in immediate rework process, $/unit/year. P= Production rate, units per planning period, units/year. Q i =Production quantity per cycle, units/batch or units/cycle. C s =Setup cost in immediate rework process, $/batch. n=Number of batch in production. H=Finite planning horizon for n batch production. 
Mathematical Formulations
The inventory level with time plot in i-th batch production is depicted in Figure 1 . The start time of a production cycle is at t i,0 until time t i+1,0 . Each production cycle contains three successive periods, that is the production time Here, we introduce three policies:
1. Policy 1: Equal cycle time, T i . 2. Policy 2: Equal production quantity, Q i . 3. Policy 3: Unequal cycle time, T i and production quantity, Qi. In this paper, demand is given by f(t)=a+bt. To avoid shortage, the normal production and the production of defective products are assumed to be constant and greater than the demand rate. In order to satisfies demand, during the normal production uptime, t i,p , we have .
We also have .
This gives the production downtime,
Inventory carrying cost
When production rate exceeds the demand rate in a production system, inventory will be built-up. This will take cost called inventory carrying cost of finished products. For the first batch, i=1, the production system will starts at t 1 After simplification, the inventory carrying costs for the problem is given in the eq. (6).
Total cost
The total cost, TC(n) for the model is given by 
Policy 1 : Equal cycle time
In this policy, the cycle time, T i is assumed to be equal. The value of T i can be calculated as follows
The start time of i-th batch production, t i,0 can be found by (10) Substituting (8) and (9) into (6) will give the total cost, TC 1 for this policy.
Policy 2 : Equal production quantity
In Policy 2, we assumed that the production quantity, Q i to be equal. The value of Q i can be calculated as follows
4. Compute t i,0 and t i+1,0 using (8) and (9) for Policy 1, (12) and (13) for Policy 2 and which satisfy constraints in Policy 3. 5. Find the TC 1 for Policy 1, TC 2 for Policy 2 and TC 3 for Policy 3. 6. Increase n by 1 and repeat step 4 and 5. Stop when TC(n * )<TC(n*+1) and TC(n*-1)>TC(n*)
Numerical illustration and analysis
To demonstrate the effectiveness of the proposed model, we present some numerical examples with the following parameter values : a=300, b=200, P=550, C s =50, C h =50, C p =7, =0.05, H=1 FIGURE 2. Total cost against n.
From Figure 2 , the minimum total costs for the three policies can be obtained when n*=7 with TC 1 (n*)=3619. . From observation, we can see that the total cost for Policy 3 is lower than Policy 1 and Policy 2; makes it to be the best model in the immediate rework process. We perform sensitivity analysis in order to identify how do the minimum total costs and number of batches respond to the parameter changes. Table 1 shows the minimum total cost for the policies while varying the values of b. The underlined values represent the total cost and number of batch of Policy 2, where for Policy 3 are given in the parentheses. We observe that the larger the value of b, the larger the total cost and the smaller n will be. Table 2 shows that, when P increases, the total costs and the number of batches will also increase. 
CONCLUSION
As a summary, we have proposed a model in n batch production where immediate rework process for defective items can be done with demand of f(t)=a+bt involving three policies. We assumed the cycle time, T i to be equal in Policy 1, equal production quantity, Q i in Policy 2 and unequal cycle time, T i and production quantity, Q i in Policy 3. In comparison, Policy 3 is the best policy among the three policies. It is interesting to extend this model to the case where the defective items are accumulated until a number of cycles are completed.
